Introduction: Despite recommendations from associations of geriatric and psychiatry societies and warnings from drug agencies, antipsychotic (AP) drugs are frequently used to control behavioral and psychological symptoms of dementia. APs are associated with a range of potential adverse events, including increased risk of cerebrovascular events and mortality. Evidence suggests limited efficacy of APs for aggression and psychosis. Our objectives were to investigate patterns and predictors for prescription of APs among older adults with dementia residing in a large region of central Italy, and to identify patient characteristics related to typical or atypical APs prescribing. Methods: This is a retrospective population-based cohort study using data from regional health information systems (HIS). We included dementia patients aged ≥65 years residing in the Lazio region. The exposure was defined as new use vs non-use of APs. Dementia patients with incident use of APs during 2015 were followed-up from the date of first prescription to the earliest among discontinuation of use, death, or end of study (December 31, 2016). Results: We enrolled 24,735 dementia patients, 1727 (6.7%) new users and 23,008 non-users of APs. Forty-four percent of AP users were treated for more than 3 months, and among these about 60% received APs continuously for at least 12 months. Individuals using antidepressant or antidementia drugs had higher odds of being prescribed with APs (OR: 1.67 and OR: 1.86, respectively). Patients exposed to polypharmacy were less likely to receive APs (OR: 0.82). Cardiovascular risk factors and comorbidities were not associated with APs use. Low socioeconomic position was associated with lower odds of atypical AP prescribing (OR: 0.57).
Introduction
The majority of people with dementia experience one or more behavioral and psychological symptoms (BPSD) at some time during their illness, in particular in the middle and later stages. 1 BPSD include agitation, psychosis, aggression and restlessness, sleep disturbances and anxiety. BPSD cause distress for both, the patient and the caregiver and are associated with increased care burden and institutionalization. 1, 2 Since dementia prevalence is increasing and BPSD can be distressing to both patients and caregivers, there is a growing interest in the development, use and evaluation of effective interventions for BPSD. Antipsychotic (AP) drugs are commonly prescribed for BPSD despite the evidence of their modest efficacy in treating psychosis, aggression and agitation in older patients and the significant frequency of adverse events. 1, [3] [4] [5] [6] Both randomized controlled trials (RCTs) and observational studies have reported a clear association between treatment with first-generation (typical) (e.g., haloperidol and phenothiazines) and second-generation (atypical) APs (e.g., risperidone, olanzapine, quetiapine) and increased morbidity and mortality among dementia patients. 5,7-10 AP use is associated with an increased risk of cardiac, orthostatic, and extrapyramidal symptoms/events, infections, falls, worsening of other symptoms of dementia, cerebrovascular events (e.g. stroke) and death.
Practice guidelines recommend person-centered, psychosocial, multidisciplinary treatment strategies as first-line approach to manage BPSD in dementia. Only when psychosocial interventions fail to adequately control severe symptoms, pharmacological treatment with APs should be considered. The recommended strategy for the use of APs in people with dementia is to start the medication at a low dosage, up-titrate the dosage slowly and to regularly review (every 3 months) the treatment with the intent to minimize treatment duration. 11, 12 Moreover, use of APs in dementia should be discussed with patients and caregivers and needs a cautious case-by-case assessment and careful monitoring. In most countries the only medication approved for specifically treating BPSD is risperidone, but off-label use of typical and atypical APs is common. There is sound evidence that APs are widely used for the treatment of BPSD in older people. 5, 13 Following the warnings on the risk associated with AP use issued since 2004 by international and national regulatory agencies, their use has decreased although prescription rates largely differ across countries and remain high, especially among institutionalized dementia patients. [14] [15] [16] In Italy, despite the safety warnings, no decrease of AP use in persons with dementia has been observed between 2009 and 2012. 14 Moreover, a recent report of the National Medicines Agency showed a constant increase of AP prescription in the general population from 2013 to 2017. 17 Analysis of AP prescription patterns and determinants of use among persons with dementia provides important information on current treatment practices in relation to recommendations, and indicates possible needs for improvement. A number of studies focused on AP drug use among older adults with dementia residing in nursing homes while few data are available on AP prescription patterns in community-dwelling older people. The aims of the present study were to describe the patterns of AP prescription among the older adults with dementia residing in the Lazio region and to investigate determinants of first AP medication use. Factors related to typical or atypical AP prescribing were also examined. This study is based on data from regional health information systems (HIS), used to identify dementia patients, concomitant health conditions, and to track medication prescriptions.
Methods

Data Sources
We used different HIS with a comprehensive regional coverage. The Hospital Discharge Registry (HDR) routinely gathers data from all regional hospitals, including patient demographic data, admission referral source, discharge status, discharge diagnoses, procedures, and the regional code of the facility. The Drug Claims Registry (PHARM) comprises individual records for each drug prescription that is dispensed from public and private pharmacies, and the date of dispensing. The registry is limited to drugs dispensed to outpatients, and reimbursed by the healthcare system. Drugs are identified by the national drug register code, which is related to the Anatomical Therapeutic Chemical (ATC) classification system. Information of exemption is retrieved by the diseasespecific Ticket Exemption Registry. The Regional Health Assistance file contains the history of cancellation and registrations of the residence for each patient. Mortality endpoints were retrieved from the Regional Mortality Information System, which uses the International Classification of Disease, Ninth Revision (ICD-9-CM codes) to code cause of death. Record linkage procedures on the basis of a unique anonymous patient identifier allowed all the information to be integrated with the patient's socio-demographic characteristics, hospitalization, and date of death.
Study Design And Study Population
In this retrospective population-based cohort study, we described AP prescription patterns and determinants of first AP prescription in the Lazio region from 2015 through 2016. The study population includes individuals with dementia residing in the Lazio region (a central Italian region with about 6 million inhabitants and including Rome), and covered by the regional healthcare system.
A validated algorithm was applied to the population aged ≥65 years (22% of residents) to identify individuals with dementia living in the region as of 31/12/2014 (enrolment date) (details in Appendix 1). 18, 19 Selection of the study population is described in Figure 1 . Individuals with a hospital discharge for schizophrenia or bipolar disorders in the 2 years before the enrolment date were excluded from the study, as these diseases represent labeled indications for antipsychotic treatment. Moreover, since we were interested in identifying new users of APs, we excluded patients with any AP prescription in the 24-month period prior to enrolment date. Dementia patients were divided into two groups, users and non-users of APs. We defined AP users as patients with at least two prescriptions over a 1-year period. The date of first prescription was defined as index date. Patients who received only one AP prescription were classified as non-users. At last, among AP users, we excluded dementia patients who spent more than 2 months in hospital during the first 6 months of follow-up, as our data do not provide information on in-hospital drug treatment. To describe use patterns, each AP user was followed up from the index date to the earliest of the following endpoints: discontinuation of use, death, or end of study, that is December 31, 2016.
Drug Utilization
APs were identified by their Anatomical and Therapeutic Chemical (ATC) code and classified as typical (phenothiazines, butyrophenone derivatives, benzamides, zuclopentixolo, diphenylbutylpiperidine derivatives and clotiapine) and atypical (ziprasidone, clozapine, olanzapine, quetiapine, risperidone, aripripazole, amisulpride), (details on ATC codes in Appendix 2). Medication exposure was defined on the basis of defined daily doses (DDD), translating the amount of DDD available into the number of days in which the patient was treated (duration of medication use), counting one DDD per day and distributing all available DDD to the days of follow-up. In order to identify different AP treatment episodes occurring throughout the follow-up, a period of use was defined as the continuous use of typical or atypical AP, considering a period of 60 days during which the patient could claim the drug without being censored for treatment discontinuation.
Socio-Demographic And Clinical Factors
Socio-demographic characteristics (gender, age, place of residence) and information on coexisting conditions were obtained from HDR, while drug consumption was retrieved from PHARM. We used a composite areabased indicator of socioeconomic position (SEP) by census block of residence built on information derived from the 2011 census, and classified into four levels (from 1=high to 4=low). We considered the following cardiovascular risk factors, identified using hospital admissions in the 2 years before the enrolment date: disorders of lipid metabolism, hypertension, ischemic heart disease (including previous cardiac revascularization), heart failure, cerebrovascular diseases (including cerebrovascular revascularization). In the same time span, we retrieved information on hospital admission for: malignant neoplasm, diabetes, chronic obstructive pulmonary disease (COPD), fluid, electrolytes and baseacid balance disorders, chronic kidney diseases, kidney and urinary tract infections, pneumonia and gastric, duodenal, peptic, gastrojejunal ulcer (details on ICD-9-CM codes in Appendix 3). In addition, number of hospitalizations within 2 years before the date of enrolment were considered. The use of anti-dementia and antidepressant drugs was defined as at least two prescriptions in a 2-year interval before the enrolment date (details on ATC codes in Appendix 4). Moreover, all drug prescriptions claimed by the study population were retrieved. Drugs were extracted on the basis of the 4th ATC level (chemical group), and polypharmacy was defined as use of at least 6 different drugs.
Statistical Analysis
Demographic and clinical characteristics were described separately for AP users and non-users. For patients who received typical or atypical antipsychotics, we described the first period of use reporting the number of days in Patients with dementia aged ≥65 on 31/12/2014 N=35,523
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Patients with at least one AP prescription between Jan 1 st and Dec 31 st , 2015 N=2,291
Patients without AP prescription between Jan 1 st and Dec 31 st , 2015
N=22,491
Patients who spent less than 60 days in hospital during the 6-month period after the index date b N=2,244
Patients with at least two AP prescriptions between Jan 1 st and Dec 31 st , 2015
USERS
N=1,727
Patients with one AP prescription only between Jan 1st and Dec 31st , 2015 N=517
NON USERS N=23,008 treatment, and treatment duration in term of median and interquartile range (IQR). We defined the first antipsychotic drug prescribed on the basis of ATC codes registered in the PHARM database. Switching from typical to atypical APs and vice versa occurring within the first period of use was also traced. Duration of medication use was divided into two periods, less than 3 months or above. The reason for the end of the first period of use was also described. Information on the total number of drug use periods and median interval between the first and the second treatment episode was reported. Multivariate analyses were performed using logistic regression models to study factors associated with AP use. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CI) were estimated controlling for all socio-demographic and clinical covariates reported above. Moreover, duration of use was plotted with Kaplan Meier curves. Utilization of drug was censored at the time of discontinuation, death or end of follow up.
Results Figure 1 shows the process of study population selection. We identified a total of 35,359 patients with dementia aged 65 or over and alive at 31/12/2014 (enrollment date), and without previous hospitalization for schizophrenia or bipolar disorders. Thirty percent (n=10,577) were prevalent users of antipsychotics. Among the remaining 24,782 patients, 2291 (9.2%) received at least one prescription in the time span between January 1 and December 31, 2015. After application of the exclusion criteria, the final study population included 24,735 patients, 1727 (6.7%) users and 23,008 (93.3%) nonusers of AP drugs. Comparing users versus non-users (see Table 1 ), socio-demographic characteristics were rather similar but patients on treatment with AP showed a slightly lower prevalence of both cardiovascular risk factors and comorbidities and a higher rate of polypharmacy. Furthermore, more than half of patients using APs received at least two prescriptions of antidepressants (51.4%) and anti-dementia drugs (62.3%) within 2 years before the enrolment date. As shown in Table 2 , most dementia patients were prescribed with atypical antipsychotics (85.2%), mainly olanzapine and quetiapine. Median duration of the first period of use was 73 days (IQR 18-231). Length of first period of use was shorter than 3 months for about 56% of subjects, and, about half of these concluded drug therapy in 1 month. Among patients treated for more than 3 months (n=769), about 40% percent received APs continuously for more than 24 months. Eightysix percent of subjects discontinued AP use but started again later. During the first period of use, only 134 (7.8%) patients switched from typical to atypical AP and vice versa. Thirtytwo percent were treated only for 1 period, and 106 (6.1%) had four or more drug use cycles (data not shown). Crude and adjusted ORs of first AP prescription are reported in Table 3 .
Men were more likely to be prescribed with APs (OR: 1.12, 95% CI: 1.01-1.24); patients aged 65 to 74 had lower odds of receiving APs than those older than 84 years (OR: 0.87, 95% CI: 0.74-1.02), although the estimate was not statistically significant. Cardiovascular risk factors and comorbidities did not affect the probability to receive APs. Subjects using antidepressant or anti-dementia drugs had a higher risk to receive APs, with OR: 1.67 (95% CI: 1.51-1.85), and OR: 1.86 (95% CI: 1.67-2.07), respectively. Patients exposed to polypharmacy were less likely to be prescribed APs (OR: 0.82, 95% CI: 0.69-0.96). Concerning determinants of atypical vs typical AP prescriptions (see Table 4 ), patients residing outside the municipality of Rome as well as those with a low socio-economic position, were less likely to take atypical AP than those residing in the metropolitan area of Rome or with high SEP (OR: 0.54, 95% CI: 0.38-0.77 and OR: 0.57, 95% CI: 0.33-0.98, respectively). Cardiovascular risk factors and comorbidities did not influence the choice of AP type. Patients with previous use of anti-dementia drugs were at higher risk to be prescribed with atypical APs (OR: 1.49, 95% CI: 1.11-2.00).
Discussion
This population-based study provides descriptive information on the use patterns of APs among community-dwelling patients with dementia and sheds light on factors associated with first use of AP medication. Importantly, few studies have investigated AP prescription patterns among community-dwelling dementia patients and data about physicians' prescribing behaviors in real-life practice are scarce. Prescription rates observed in our region were consistent with the estimates produced by previous studies. 20, 21 A recent review 22 reported significant heterogeneity in the prevalence of APs across different countries and healthcare settings. Significant differences in AP prescribing prevalence were observed between studies with community-based samples and those recruiting patients in long-term care facilities (range 7%-32% vs 24%-64%).
The pooled analysis including studies conducted in community settings between 1995 and 2013, produced a prevalence estimate of 12.3%, lower than the prevalence we observed in our study, suggesting that in the Lazio region use of APs among patients with dementia is quite frequent. Furthermore, a study carried out in Italy and in the UK, using data from a sample of General Practitioners, assessed the effects of warnings issued by national agencies on the use of APs. 14 Between 2009 and 2012, the authors observed a decline in both atypical and typical AP prescription rates in the UK but not in Italy where prescription rates increased from 11% to 18% and from 9% to 11% for atypical and typical AP, respectively. This study showed that in the Lazio region long-term treatment of dementia patients in community settings with AP is rather frequent. We found that about 45% of patients were treated with APs for 3 months or more. These results raise questions about the appropriateness of duration of use. Actually, since APs are associated with significant serious adverse effects including hip fracture, pneumonia, stroke, and death, 5, 23, 24 this practice might not be in line with current guidelines that recommend time-limited use of APs with regular reviews every 3 months. 11, 12 Koponen et al estimated 57% of long-term (at least 365 days) users among Finnish patients with clinically verified Alzheimer's disease, 25 while in a study conducted in British Columbia, 14% of individuals with dementia were classified as long-term users (more than 90 days). 26 AP long-term (more than 85 days) exposure in community-dwelling patients with Alzheimer's disease and related dementias living in the South-East of France was also frequent (about 30%). 21 Prevalence of long-term use in our study is quite in line with findings of previous studies, although comparisons among studies are impaired by different contexts as well as different definitions of long-term use. Considering that AP prevalence and longterm use in nursing homes reported by other authors 27, 28 are even higher than in our study, we retain that AP prescription patterns need to be carefully monitored in both settings. Moreover, if necessary, the clinical practice should be reviewed through audit processes and providing support to caregivers managing patients with complex symptoms and needs.
Although different studies have suggested gender-based variations in AP prescription patterns among individuals with dementia, the association between AP use and gender is still controversial. Some studies found that women were more frequently prescribed APs than men. [29] [30] [31] However, consistent with findings from some other studies, 16, 32, 33 in our study men were more likely than women to be prescribed with APs. A recent review by Trenaman et al 34 observed that men and women tend to use more antipsychotics dependent on their living environment, women in the community and men in long-term care facilities. The review concluded further research is required to obtain more solid evidence and understand how gender differences can be used to improve medication use among patients with dementia. We did not find any association between age and AP prescription while previous studies showed that overall antipsychotic use is significantly lower for older patients. 16, 35, 36 To investigate the role of SEP on AP treatment, we used an area-based indicator constructed using data from the 2011 census and attributed to small geographic areas (census tract of residence). In our context, SEP did not result to be a determinant of AP use. Few studies investigated the impact of socio-economic factors on AP prescription rates among dementia patients using individual indicators. Lower education and lower income were found to be associated with a higher use of APs. 16, 26, 37 Similar findings have been observed using area-based SEP indicators, and individuals living in rural or low-income areas were more likely to receive APs. 38 Different hypotheses have been proposed to explain the observed variation. Caregivers of highly educated patients may have the skills to appropriately manage BPSD and, considering safety concerns about AP use, may express a preference for non-pharmacological approaches. On the other side, physicians may be more willing to discuss alternative treatments for BPSD with persons with higher health literacy. Our findings support the evidence of at least some heterogeneity in prescriptive patterns in relation to socio-demographic characteristics that, in our opinion, deserves more attention.
It is well documented that people with dementia have a higher burden of comorbidity and polypharmacy than those without dementia. [39] [40] [41] In our study, while polypharmacy was identified as a protective factor for AP prescribing, hospitalization for both cardiovascular risk factors and comorbid conditions did not affect the probability to receive an AP. Cerebrovascular diseases and cardiovascular risk factors (hypertension, ischemic heart diseases, atrial fibrillation) represent limiting conditions for antipsychotics prescription to dementia patients. 11, 12 Among patients with cardiovascular or cerebrovascular diseases, prescription of APs should be restricted to those severely distressed and should be limited to short periods. A recent study found that dementia patients with a history of hypertension, stroke, renal/hepatic dysfunction or diabetes were less prescribed with APs. 30 Actually, in our study polypharmacy is associated with a lower odds of AP prescription. This finding makes sense considering that polypharmacy may be reflective of the overall severity of the underlying comorbid conditions. However, our results suggest that more attention should be paid to the evaluation of individual risk/benefit assessments in this frail, older population. Patients with previous use of antidepressant and anti-dementia drugs were treated with significantly more APs. The association between APs and anti-dementia drug use is possibly explained by severity of dementia.
Atypical APs, in particular olanzapine and quetiapine, were most frequently prescribed for older patients with dementia in the Lazio region. Preferential use of atypical agents can be partially attributed to the perceived superior safety and tolerability and similar efficacy of atypical agents compared to typical ones. 41 Studies investigating factors associated with typical or atypical AP prescribing in real-world practice settings are scarce. In our study, there were no significant differences in clinical characteristics between patients prescribed atypical vs typical APs, unless patients in treatment with antidementia and antidepressant drugs were more likely to take atypical AP medications. Among socio-demographic factors, lower SEP and residence outside the metropolitan area of Rome were associated with lower odds of receiving atypical AP agents, emphasizing a geographical heterogeneity and social disparities in AP prescribing in patients with dementia-related BPSD.
There are several strengths in this study. Firstly, to our knowledge, this is the first study analyzing the determinants of typical/atypical AP utilization using administrative databases. This offered the opportunity to study a large population-based cohort, controlling for a large number of potential confounding factors. Second, this large observational study included patients who would not have been considered in clinical trials and thus allowed us to analyzed real-world dementia drug treatment patterns. Third, we used a validated algorithm to identify people with dementia. The limitations of the current study are mainly related to the observational design. Our analyses were based on drug prescriptions rather than actual use of APs. We cannot be certain that every person prescribed with an AP really took the drug or even the prescribed dose. PHARM contains all prescription reimbursed but over-the-counter drugs and drugs dispensed during hospital admission were not included, so there could be an underestimate of use. However, to avoid this we excluded all patients hospitalized for more than 2 months within 6 months of follow-up. Additionally, although we included a large variety of socio-demographic factors and comorbid conditions, we cannot exclude the possible effect of unmeasured confounding on our results.
Concerning the identification of concomitant conditions, using the HDR as unique source of information, we might have been limited in identifying cardiovascular risk factors, such as hypertension or disorders of lipid metabolism. Finally, administrative database do not provide data on severity of dementia, thus if there is no information on the motivation for a prolonged AP therapy or the efficacy of the treatment, i.e. whether symptoms remained stable or worsened.
Considering the results obtained in the present study for the Lazio Region, we can suppose that despite safety concerns and modest efficacy, AP use has remained frequent among persons with dementia. Additionally, the length of AP therapy in our study appeared longer than recommended by guidelines, largely exceeding 3 months for a not negligible fraction of the study population. Anyway, we cannot exclude that our algorithm specifically selects a sub-population of patients with more severe symptoms requiring prolonged treatment with APs.
Conclusion
We observed that a still large amount of dementia patients are treated with APs and a not negligible proportion of them has a period of use longer than recommended by guidelines. These findings deserve further investigation to ascertain whether older adults with dementia are adequately treated or whether the proportion of those taking antipsychotics can be further reduced. This work identified socio-demographic and clinical factors associated with first use of AP medications, providing insight into prescribing practices in the community setting and suggesting targets to address to improve the quality of care for older adults living with dementia. Finally, although some limitations must be considered, our study highlights the importance of HIS to describe and monitor healthcare services delivery and to identify areas of potential inappropriateness.
